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© Method for forming a metal conductor in semiconductor device. 


® An oxidizable metal film (17) and a barrier metal 
film (18) are formed in the named order on an 
insulating film formed on a semiconductor substrate 
or in a contact hole formed through the insulating 
film. A gold film (20) is selectively formed on the 
barrier metal film in alignment with the contact hole. 
The barrier metal is selectively removed using the 


gold film as a mask, and an exposed surface of the 
oxidizable metal film is oxidized. A second metal film 
is deposited on only a surface of the gold film by an 
electroplating using the oxidized surface of the oxi - 
dizable metal film as an anti- plating mask. Finally, 
the oxidizable metal film not covered by the gold 
film is completely oxidized. 
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Background of the Invention 

Field of the invention 

The present invention relates to a method cf 
manufacturing a semiconductor device, and more 
specifically to a method of forming a metal con - 
ductor in a semiconductor device. 

Description of related art 

At present, in most of semiconductor devices 
including ICs (integrated circuits) to VLSIs (very 
large scaled integrated circuits), an Al - Si alloy or 
an Al-Si-Cu alloy has been widely used as a 
material of a wiring conductor from the standpoint 
of an ohmic characteristics and an Al spike sup- 
pression However, even if these wiring conductor 
materials are used, it has not been possible to 
avoid generation of electromigration and formation 
of hillock caused by a heat treatment, and there- 
fore, a serious problem has existed in reliability. In 
order to overcome this problem, it has been pro- 
posed to form a wiring conductor of a multi - 
layered structure : by using a refractory, metal. 
Nevertheless, it has not been satisfactory. 

Recently, it has. been proposed to form a wir- 
ing conductor of Au (gold). Au is extremely stable .■ 
from the viewpoint of the v/iring conductor material. 
In addition, anti - electromigration property is as 
excellent as ten 'times or more that of an aluminum 
alloy. Furthermore, Au has high reliability. However, 
Au is disadvantageous in that an adhesion property 
to an interlayer film is. very poor. Because. of this 
reason, the conventional- Au wiring has been re- 
alized by providing on an upper surface of an Au 
wiring conductor a metal film having a good adhe - 
sion property to the interlayer film. 

However, in a conventicnal process, it has 
been difficult to form a metal film on the upper 
surface of the Au wiring conductor in alignment 
with the Au wiring conductor. Therefore, if mis - 
alignment occurs, a short-circuit occurs between 
wiring conductors or between electrodes. Because 
of this, it has not been used in a fine pattern wiring. 
In addition, the conventional process has required a 
number of steps and has been complicated. 

In this connection, a method has been known 
in which after an electrode or wiring conductor is 
formed, the electrode or wiring conductor is coated 
by an electroless plating. This method has been 
difficult to obtain a complete selectivity, and 
therefore, could not have been applied to the fine 
pattern wiring. 


Summary of the Invention 

Accordingly, it is an object of the present in- 
vention to provide a novel method for forming a 

5 wiring conductor, which method has overcome the 
above mentioned defect of the conventional one. 

Another object of the present invention is to 
provide a method for forming a wiring conductor, 
which method can form a metal film on the upper 

10 surface of an electrode or a wiring conductor in a 
self - alignment manner and with a reduced num- 
ber of steps. 

The above and other objects of the present 
invention are achieved in accordance with the 

75 present invention by a method for forming a metal 
conductor in a semiconductor device, comprising 
the steps of forming a first metal film including at 
least one oxidizable metal layer, on a layer formed 
at a semiconductor substrate, forming a metal 

20 conductor on a predetermined region of the first 
metal film, selectively removing the first metal film 
not covered by the metal conductor so that the 
oxidizable metal layer is exposed in an area not 
covered by the metat conductor, oxidizing an ex - 

25 posed . surface of the oxidizable. metal layer, for- 
ming a second metal film on only a surface of the 
metal conductor, and completely, oxidizing the. 
oxidizable metal layer not covered by the- metal 
conductor. 

30 Here, the term "oxidizable metal" should be 

understood to mean a metal which can be oxidized 
in a conventional semiconductor manufacturing 
process, and whose oxide is a good electrical 
insulator. In this connection, it is more preferable 

35 that the oxide of the "oxidizable-metal" has a good 
adhesion property to an interlayer film formed in 
the semiconductor device. 

In one embodiment, the metal conductor is 
formed by an electroplating or an electroiess plat- 

40 ing such as a sputtering, and the second metal film 
is formed by an electroplating using the metal 
conductor as a voltage supplying layer and using 
the oxidized surface of the oxidizable metal layer 
as an anti -plating mask. The metal conductor is 

45 preferably formed of Au. In addition, the first metal 
film is formed in a double - layer structure com- 
posed of a first metal layer formed of a material 
selected from the group consisting of Ti, TiW and 
Cr and a second layer formed of a material se - 

50 lected from the group consisting of Cu. Pt. Pd, Ni 
and Au, the first metal layer being formed on the 
second metal layer. On the other hand, the second 
metal film is formed of Ni, Au, Co and Pd. 

The above and other objects, features and 

55 advantages of the present invention will be appar- 
ent from the following description of preferred 
embodiments of the invention with reference to the 
accompanying drawings. 
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Brief Description of the Drawings 

Figures 1A to IF are diagramnnatic partial sec - 
tonal views of a semiconductor device, for il- 
lustrating various steps of one embodiment of 5 
tne method in accordance with the present in - 
vention for forming a metal conductor in the 
semiconductor device; and 
Figures 2A to 2D are diagrammatic. partial sec - 
tonal views of a semiconductor device, for il - 10 
lustrating various steps of another embodiment 
of the method in accordance with the present 
invention for forming a metal conductor in the 
semiconductor device. 

n 

Description of the Preferred embodiments 

Now, a first embcdiment of the method in 
accordance with the present invention for forming a 
metal conductor in the semiconductor device will 20 
be explained with reference to Figures 1A to 1F. 

A principal surface of a semiconductor sub - 
strata 1 1 is coated with an insulating film 12, and a 
diffus on layer 14 is formed in a predetermined 
region of the principal surface of a semiconductor 25 
substrate 1 1. In this embodiment, in order to form a 
fine and shallow diffusion layer 14. a pofysiliccn 
layer 15 added with impurity is used as a diffusion 
source, and is also utilized as a lead -out elec- 
trode. 30 

For this purpose, a hole 12A is formed in the 
insulating film 12 to reach the principal surface of a 
semiconductor substrate 11. The polysilicon layer 
15 added with impurity is deposited so as cover 
not only an upper surface of the insulating film 12 35 
but aiso a side surface and a bottom surface of the 
hole 12A. Therefore, the polysilicon layer 15 is 
deposited on the principal surface of a semicon - 
ducto' substrate 11 exposed within the hole 12A. 
The deposited polysilicon layer 15 is patterned so 4o 
that the polysilicon layer 15 remains only within the 
hole 12A and on a periphery of the hole 12A. In 
this condition or in any step after this condition, if a 
hear treatment is performed, impurities included in 
the pciysilicon layer 15 are caused to diffuse into 45 
the semiconductor substrate 11, so that the shallow 
diffus on layer 14 is formed. 

Thereafter, in order to reduce a contact resis - 
tance between the polysilicon layer 15 and a pos- 
sible electrode conductor, a silicide layer 16 is 50 
formed so as to cover only the polysilicon layer 15. 
Furthermore, an oxide film is grown by a chemical 
vapor deposition process so as to form an insulat- 
ing fi m 13 which covers a whole surface of the 
insulating film 12 and the silicide layer 16 and 55 
which has a thickness on the order of 200nm to 
SOOnm. An opening is formed in a predetermined 
position of the insulating film 13 in alignment with 


the hole 12A coated with the polysilicon layer 15. 
Thus, the structure as shown in Figure 1 A is ob- 
tained. Here, the hole 12A coated with the poly- 
silicon layer 15 constitutes a contact hole for an 
electrode and wiring conductor formation. 

Thereafter, on the whole surface of the sub- 
strate 11 including the contact hole 12A, an oxi - 
dizable metal film 17 and a barrier metal film 18 
are formed in the named order by for example a 
sputtering. The oxidizable metal film 17 is formed 
of a metal which can be oxidized in a conventional 
semiconductor manufacturing process so as to 
form an oxide film having a good electrical in - 
sulating property and a good adhesion property to 
an insulating film formed in the conventional 
semiconductor manufacturing process. For exam - 
pie, the oxidizable metal film 17 is formed of Ti, 
TiW. Cr, etc. On the other hand, the barrier metal 
film 18 is formed of a metal having a good plating 
property and a good barrier property for protecting 
the underlying oxidizable metal film 17, For exam- 
ple, the barrier metal film 18 is formed of Cu, Ft, 
Pd. Ni, Au, etc. It is sufficient if the oxidizable 
metal film 17 has a thickness of 50nm to 150nm 
and if the barrier metal film 18 has a thickness of 
30nm to lOOnm. Here, it should be understood that 
the metal films 17 and 18 can be replaced with a 
single metal film which can satisfy both the ^con- 
dition of the oxidizable metal film 17 and the con - 
dition of the barrier metal film^ 18. Thus, the struc- 
ture as shown in Figure 1 B is obtained. 

Then, on the barrier metal film 18, there is 
formed a patterned photoresist layer 19 ^.having 
openings in alignment to positions where a metal 
electrode or a metal wiring conductor is to be 
formed in a later step. In the shown embodiment, 
one opening 19A is formed in alignment with the 
contact hole 12A. and another opening 19B is 
formed on a planar region of the metal film 18 
under which no contact hole is formed. By using 
the metal films 17 and 18 as a voltage supplying 
layer, a metal electrode 20A and a metal wiring 
conductor 208 of Au (gold) are formed by an 
electroplating. It is sufficient if these metal elec- 
trode 20A and metal wiring conductor 20B have a 
thickness of O.Sum to 2.0um. An electroplating 
solution for the Au plating is commercially available 
from Tanaka Noble Metal Industries, Co., Ltd. or a 
few other companies. Thus, the structure as shown 
in Figure 1C is obtained. 

After the photoresist layer 19 is removed, the 
barrier metal film 18 is selectively removed using 
the Au electrode 20A and the Au wiring conductor 
20B as a mask, so that the oxidizable metal film 17 
is exposed- Removal of the barrier metal film 18 is 
performed by for example a reactive ion etching. In 
this case, an etching gas can be selected from Ar, 
O2, Ne. SFo, C2Cl2F;i, etc.. in combination on the 
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basis of the kind of the metal. 

Next, a heat treatment is performed in H2 - O2 
atmosphere at a temperature of 400 *C for a time 
period of 30 mioLtes, so that an exposed surface of 
the oxicizable metal film 17 is oxidized so as to 
form a metal oxide film 21. which functions as an 
anti- plating film in a succeeding step. Under this 
condition, the metal oxide film 21 has a thickness 
of lOnm to 20rm;. Thus, the structure as shown in 
Figure ID is obtained. 

Thereafter, by using the metal oxide film 21 as 
a anti- plating mask and using the Au electrode 
20A and the Au wiring conductor 20B as a voltage 
supplying layer, a metal film 22 is formed by an 
electroplating. Therefore, only an exposed surface 
of the Au electrode 20A and the Au wiring con- 
ductor 20B is coated with the metal film 22. This 
metal film 22 is preferably formed of Ni. Au, Co 
and Pd. Ni is most preferable. Thus, the structure 
as shewn in Figure 1E is obtained. 

Furthermore, a heat treatment is performed in 
H2 - O2 atmosphere at a temperature of 400 'C to 
450 'C for a time period of 60 minutes to 120 
minutes. .so as to further oxidize the oxidizable 
metal film 17, so that all of the oxidizable metal film 
17 excluding a metal electrode and wiring region is 
converted into a metal oxide film 21. As mentioned 
above, since the metal film 17 is oxidizable^ the 
metal film 17 is completely converged by the heat 
treatment into a metal oxide film having a complete 
electric insulation property. On other hand, the 
metal film 22, which is preferably formed of Ni and 
which is deposited on the Au electrode 20A and 
the Au wiring conductor 20B, will ensure an adhe - 
sicn property to an insulating film -23 formed in a 
succeeding step. Since the function of the meta! 
film 22 is to ensure the adhesion property, it is 
sufficient if the metal film 22 has a thickness of at 
least 30nm. An electroplating solution for the Ni 
plating is commercially available from Nippon 
Kanisen K.K.. Tanaka Noble Metal Industnes, Co., 
Ltd. or a few other companies. 

Thereafter, a CVD oxide film is deposited so as 
to form an inorganic insulating film 23 having a 
thickness of 0.5um to i.Cum. Thus, the structure 
as shown in Figure IF is obtained. 

As will be apparent from the above, since the 
metal oxide film 21 is used as the plating mask in 
the electroplating of the metal film 22 and since the 
surface -oxidized metal film 17 is completely ox- 
idized and converted into an insulating film, a metal 
film having a good adhesion property to an inter - 
layer insulating film can be formed only on the 
surface of the Au electrode 20A and the Au wiring 
conductor 20B. and the metal oxide film gives a 
good adhesion property to an underlying insulating 
film and an overlying insulating film. 


Referring to Figures 2A to 2D, a second em - 
bodiment of the method in accordance with the 
present invention for forming a metal conductor in 
the semiconductor device will be explained. 

5 On the substrate 11 prepared similarly to that 

shown in Figure. 1A. a metal film 17 and another 
metal film 24 are deposited in the named order by 
for example a sputtering, so as to cover the whole 
surface of the substrate including the contact hole 

70 12A, similarly to the first embodiment. The metal 
film 17 is formed of a metal which has a good 
adhesion property to the insulating film 13 and 
which can be oxidized in a conventional semicon - 
ductor manufacturing process so as to form an 

75 oxide film having a good electrical insulating 
property and a good adhesion property to an in - 
sulating film formed in the conventional semicon - 
ductor manufacturing process. For example, the 
oxidizable metal film 17 is formed of Ti, TiW. Cr, 

20 etc. On the other hand, the metal film 24 is formed 
of a metal having a good barrier property for the 
contact hole. For example, the metal film 24 is 
formed of Cu. Pt, Pd, Ni, etc. It is sufficient if the 
metal film 24 has a thickness of 30nm to 100nm. In 

25 addition, if both the condition of the oxidizable 
metal film 17 and the condition of the barrier metal 
film 24 are satisfied, the metal films 17 and 24 can 
be replaced with a single metal film. 

Furthermore, Au (gold) is deposited by a 

30 sputtering so as to form a metal film 25 having a 
thickness of 0.3um to I.Oum, for the purpose of 
forming an electrode or a wiring conductor of Au. In 
addition, a metal film 26 is formed, which can be 
used as a mask when the metal films 24 and 25 

35 are removed by a reactive ion etching. This metal 
film is formed of for example AI (aluminum), and 
has a thickness of 100nm to 200nm. ThuS: the 
structure as shown in Figure 2A is obtained. 

Thereafter, the metal film 26 is selectively re - 

40 moved by using a photoresist (not shown) so that 
the meta! film 26 remains only in an area in which 
the metal electrode, or the metal wiring conductor 
will be formed in future. Removal of the metal film 
26 can be performed by a reactive ion etching 

45 using a chloride gas such as CCU or BCb. Thus, 
the structure as shown in Figure 28 is obtained. 

Then, the metal films 25 and 24 are selectively 
removed in the named order by a reactive ion 
etching using the remaining metal film 26 as a 

50 mask, so that a metal electrode 25A and a metal 
wiring conductor 258 are formed. At this time, if 
Ar + 02 gas or Ne + 02 gas is used for this reactive 
ion etching, an etch rate of lOOnm/min to 
200nm/min can be obtained. Thereafter, the re - 

55 maining metal film 26 which was used as the mask 
is removed by for example a wet etching. An 
etching liquid is composed of a mixed liquid of 
phosphoric acid, acetic acid and nitric acid. Thus, 
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the structure as shown in Figure 20 is obtained. 

The structure as shown in Figure 2C cor- 
responds to the structure as shown in Figure 1C in 
which the photoresist 19 is further removed. 
Therefore, the succeeding process is performed 5 
sinntlarly to the first embodiment, until the structure 
as shown in Figure 2D is obtained. 

In the second embodiment, an insulating film 
27 deposited as an interlayer film covering the 
whole of the substrate is formed of an organic io 
material, such as silicon polyimioe. differently from 
the inorganic film 23 formed in the first embodi - 
ment. The insulating film 27 has a thickness of 
1 -Oum to 2.0um. 

As seen from the above, the interlayer insulat- 75 
ing film can be form.ed of either an inorganic ma- 
terial or an organic material. However, if the or- 
ganic interlayer insulating film is used, a 
planarization can be remarkably elevated. 

In the above mentioned embodiments, the 20 
metal electrode and the metal wiring conductor are 
formed of Au (gold), but can be formed cf alu - 
minum alloy. If the above mentioned process is 
applied to a metal electrode and a met^i wiring 
conductor of aluminum alloy, it is very effective in 25 
preventing generation of electromigration and for- 
mation of hillock caused by a heat treatment. 

As will be apparent from the above explanation 
of the embodiments with reference to the drawings, 
the metai electrode andor the metal wiring con- 30 
ductor can be easily coated with a metal layer in a 
self -alignment manner by an electroplating. 
Therefore, it is possible to realize a semiconductor 
device having a high reliability with no short- 
circuiting caused by misalignment and with a good 35 
adhesion between the insulating film and the metal 
electrode and/or the metal wiring conductor. Fur- 
thermore, since no high degree of alignment tech - 
nique is required for forming a metal layer applied 
for improving the adhesion property of the metal 40 
electrode and/or wiring conductor, the process 
becomes simple and the required number cf steps 
is reduced. 

The invention has thus been shown and de - 
scribed with reference to the specific embodi- 45 
ments. However, it should be noted that the 
present invention is in no way limited to the details 
of the illustrated structures but changes and 
modifications may be made within the scope of the 
appended claims. 50 

Claims 

1. A method for forming a metal conductor in a 

semiconductor device, comprising the steps of 55 
forming a first metal film including at least one 
oxidizable metal layer, on a layer formed at a 
semiconductor substrate, forming a metal 


conductor on a predetermined region of said 
first metal film, selectively removing said first 
metal film not covered by said metal conductor 
so that said oxidizable metal layer is exposed 
in an area not covered by said metal conduc - 
tor, oxidizing an exoosed surface of said oxi - 
dizable metal layer, forming a second, metal 
film on only a surface of said metal conductor, 
and completely oxidizing said oxidizable metal 
layer not covered by said metal conductor. 

2. A method claimed in Claim 1 wherein said 
metal conductor is formed by an electroplating 
or an electroless plating and said second metal 
film is formed by an electroplating using sad 
metal conductor as a voltage supplying layer 
and using the oxidized surface of said oxidiz - 
able metal layer as an anti - plating mask. 

3. A method claimed in Claim 1 or 2 wherein said 
metal conductor is formed of Au, and said first 
metal film is formed in a double -layer struc- 
ture composed of a first metal layer formed of 
a material selected from the group consisting 
of Ti, TiW and Cr and a second layer formed 
of a material selected from the group consist - 
ing of Cu, Pt. Pd. Ni and Au, said first metal 
layer being formed on said second metal layer. 

4. A method claimed in any of Claims 1 to 3 
wherein said second metal fiim is formed of Ni, 
Au. Co and Pd. 

5. A method claimed in any of Claims f to 4 
wherein formation of said metal conductor is 
performed by depositing a patterned 
photoresist layer having an opening at a posi - 
tion where said mietal conductor is to be 
formed, selectively depositing a metal layer on 
said first metal film by an electroplating using 
said patterned photoresist layer as a mask and 
using said first metal film as a voltage sup- 
plying layer so that said metal layer on said 
first metal film not covered by said patterned 
photoresist layer constitutes said metal con - ' 
ductor. and rennoving said patterned 
photoresist layer so that said first metal film 
not covered by said metal conductor is ex- 
posed. 

6. A method claimed in any of claims 1 to 4 
wherein formation of said metal conductor is 
performed by depositing first and second 
metal layers on said first metal film in the 
named order, patterning said second metal 
layer so that said second metal layer remains 
only at a position where said m.etal conductor 
is to be formed, select. ve!y removing said first 
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metal layer using said patterned second metal 
layer as a mask, so that a patterned first metal 
layer constitutes said metal conductor and said 
first metal film not covered by said metal 
conductor is exposed, and removing said pat- 5 
terned second metal layer. 
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FIGURE 1A 
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FIGURE 1B 
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FIGURE 1C 
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FIGURE 1D 
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FIGURE 1E 
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FIGURE 1F 
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FIGURE 2A 
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FIGURE 2B 
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FIGURE 2C 
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